pathological conditions found on exposure of the nerve, together with an exact account of the surgical procedure adopted. It has been my good fortune to have the fullest possible support from my surgical colleagues at the Grangethorpe Hospital, Manchester, and I would like to express my deep appreciation of the careful and elaborate system of note-taking which they have instituted, as, without the information supplied by'them, it would have been impossible to attempt an inquiry into the problems of secondary suture.
In this report are included all the results of secondary suture, where it has been possible to continue observations for a period of not less than six months after the date of the operation. It was rarely possible to follow the patients even for so short a time before 1917, when the special hospitals were instituted; consequently almost all the patients quoted have been operated upon since the beginning of that year. and only a small number can be considered as end-results.
Altogether 271 examples of end-to-end suture are under review, and the majority of the patients have been examined at regular intervals of from four to six weeks for varying periods up to three years after the date of the performance of the suture.
As a preliminary it is convenient to consider the following general factors which may influence the progress-and result.
(1) The Interval wvhich has elapsed between the Reception of the Injury and the Date of the Suture.-It is necessary, in connexion with this, to take into account the cause of the delay. If the operation has been deferred because of the presence of sepsis, widespread intraneural changes are likely to be encountered which will interfere seriously with, or prevent, regeneration. Excluding such a condition, a delay of twelve to eighteen months appears to have no marked effect upon the date or extent of recovery. If the interval exceeds this time, in my experience the prognosis is not so good when the suture has been performed in the distal part of the limb; whereas, in the proximal part, a delay of two or three years does not seem to prejudice the chances of success. Suture of the median in the upper arm has been successful in two patients where there was an interval of two and a half years.
A delay of three and a half years (the longest encountered) occurred in two patients, with injury to the median at the elbow. In one the only muscle to recover voluntary power was the flexor sublimis digitorum; in the other patient it is too early yet to give an opinion, but the signs are not hopeful.
(2) The Surgical Technique adopted.-In about 80 per cent. the same procedure has been used; so that in this series this factor is almost constant, and, consequently, no opinion can be expressed upon the advantages of the various suture materials. After free exposure, the extremities have been excised until distinct nerve bundles could be seen, and then the ends brought into as perfect apposition as possible without distortion. Whenever practicable, only sheath sutures of catgut have been used, but in the larger proportion one tension suture through the substance of the nerve was found necessary. On comparing the progress and results, with and without tension sutures, there is no doubt that the effect of the through-and-through stitch is perceptible.
For some time my, surgical colleagues have used no protective material to surround the line of suture; a new bed for the nerve has been constructed, or its anatomical course modified, so that the injured seginent of the nerve lies only in relation with uninjured muscles. The clinical records clearly indicate the advantages of this over any protective material, either autogenous or heterogeneous. Several nerves have been re-exposed by my colleague, Mr. H. Platt, after various materials have been used, and it has been proved that neither fascia lata nor fat prevent adhesions, and in two patients, where Cargile membrane had been used, there was a thick collar of fibrous tissue around the nerve which in one was undoubtedly causing considerable constriction.
The prognosis is bad when a satisfactory bed cannot be procured, and the nerve has to be left in relation with scar tissue, a condition unfortunately encountered frequently when the external popliteal nerve has to be sutured in the region of the head of the fibula.
Displacement of the ulnar nerve in front of the internal condyle of the humerus has not, as far as I can ascertain to date, retarded the progress.
It is somewhat surprising that the extensive freeing of the nerve necessary in this manoeuvre, or in other nerves when a large defect has to be bridged, bas not had a more marked effect. The records I have are insufficient as yet to enable me to give an opinion upon the results after the two-stage operation.
The after-treatment has been the same-constant support of the paralysed muscles, interrupted galvanic stimulation of the muscles and massage, and later faradic stimulation and muscle re-education.
(3) The Condition of the Nerve found on Exposure at Operation.-Those patients in whom a complete solution of continuity was discovered at operation have tended to make a more complete recovery than those in which incomplete division was found, but I am convinced that this difference is very clearly reduced, if not eliminated, when a 'liberal resection is performed. Interstitial changes are frequently very extensive after partial division, and from the histological examination of pieces of nerve excised at operation there appears to be a tendency not to resect sufficiently widely. Very free resection is particularly necessary after prolonged suppuration. Contractures and other mechanical disabilities are associated commonly with incomplete division and may be responsible for imperfect functional recoveries, although good regeneration may have succeeded the suture of the nerve.
(4) The Effect of some of the more frequent Complications.-Allusion has been made to the fact that extensive and prolonged sepsis in the neighbourhood of the nerve may seriously influence the prognosis. Microscopic examination has shown that, under such a condition, intraneural changes may be discovered as distant as 8 in. above the point of injury.
Ligature of the main artery in the proximal part of the limb, as the upper part of the brachial or the axillary, tends to retard the progress and, after suture of the ulnar or median nerves, appears sometimes to reduce the extent of the recovery of function, but it is difficult to exclude the possibility of this being due to secondary changes in the muscles as a result of the ischaemia. Involvement of the main bloodvessels in the distal part of the limb, as may be anticipated, does not usually affect the result.
Ununited fractures of the humerus present a serious complication. In four patients exhibiting this complication suture of the musculospiral was performed before the ends of the bones had been fixed. Two cases were complete failures, the third showed merely recovery in the supinator longus and extensor carpi radialis longior, whilst the fourth progressed favourably until a bone-graft operation was succeeded by a recrudescence of sepsis, which resulted in complete loss of conduction and failure of regeneration. These experiences seem to prove that where an ununited fracture of the humerus complicates a musculo-spiral injury it is advisable to treat the bone lesion first.
(II) ANALYSIS OF RESULTS.
(a) General.-In none of my cases of secondary suture can the result be described as perfect; in the best there has been an appreciable difference in power on comparing the two sides and at least an incom-Section of Neurology plete recovery of epicritic sensibility, even three and a half years after the date of the suture. The recovery of sensation has been particularly disappointing. More successful results have followed suture in the proximal part of the limb than the distal. Of sutures in the upper extremity, the failures in the upper arm amounted to 12 per cent., whilst in the forearm they amounted to 24 per cent. At both levels the recovery of voluntary power has been much less constant for muscles supplied by the nerve in the distal than in the proximal part of the limb. For obvious reasons muscles which have a large nerve of supply have a better chance than those in which the branch is smaller.
Exclusive of mechanical disabilities and the general factors already considered, four chief causes for imperfect recovery are readily recognized.
(1) Intraneural changes in the proximal end, which may occuE irrespective of the presence of sepsis.
(2) Obstruction to the downgrowth of new nerve fibrils.
(3) Destruction of branches in addition to the injury to the nerve trunk. This is particularly prominent in wounds of the median in the upper third of the forearm.
(4) " Bad shunting" (efferent fibres passing down to afferent terminals or vice versa), whicb, with the most perfect surgical technique, must occur to some extent in almost all secondary sutures, since a considerable portion of the nerve trunk has to be excised and the intraneural anatomy disturbed. Such a factor will be of less consequence in the musculo-spiral than in the ulnar or median. It is possible that the persistence of Tinel's sign without any recovery of sensation may be due to afferent fibres descending efferent pathways.
(5) In addition to these there is an important but less obvious fifth cause of impaired function, which is particularly significant after suture of the median, and is probably one explanation of the poor functional result which usually follows suture of both the median and the ulnar. It is not uncommon to discover, after suture of the median, that all the muscles-when tested individually-have recovered voluntary power, and yet the hand is of slight practical service, when the patient attempts purposive movenments. The patient will often volunteer the information that when he attempts to work he finds that he loses the grip of his tools, and on inquiry it will be found that he can use the hand fairly well as long as he concentrates upon the movements, but that the hand ceases to function satisfactorily as soon as he takes his eye off it. Such patients also frequently inform you that the hand is useless in the dark, or when they cannot watch what they are trying to do with it. Such complaints may be heard even when cutaneous sensibility has made a fair recovery and all the muscles, tested individually, exhibit voluntary power. It seems clear that such a disability is due to the loss of afferent stimuli from joints, muscles, tendons aiid other deep structures. It is only practicable to investigate directly the recovery of fibres conveying conscious impressions from such deep structures as joints, but from an investigation of the sense of posture and the appreciation of passive movements in the finger and thumb articulations supplied by the nerve, it has been found that these were generally lost, or at the best very defective even when three years had elapsed since the time of the suture. It would seem that this is very important to remember at examinations for the assessment of pensions after nerve suture in the upper limb, since the routine investigations of voluntary power and cutaneous sensibility do not, in themselves, provide sufficient information to determine the real functional capacity of the hand. It is also an awkward problem to contend with during the later stages of recovery when muscle re-education becomes of greatest importance, since it provides one of the main obstacles to the satisfactory application of this form of treatment-an obstacle which is probably insufficiently appreciated. Previous to the war our chief experience of muscle training was derived from the treatment of infantile paralysis, and consequently many who are responsible for the supervision of muscle training are content merely to develop an increased range of movement of the individual muscles, and fail to realize the different problem which arises in peripheral nerve injury. After injuries to the peripheral nerves there is usually a serious loss of those afferent stimuli which are of such importance for the perfect performance and adjustment of the finer and more delicate movements, and consequently in the later part of the treatment every effort must be made to develop those purposive and more complex movements which the particular patient will require when he returns to a civil occupation.
(b) Explanation of Charts.-The vertical columns, 1 to 24, refer to the months after the performance of the suture; in the last column, "delay," reference is made to any case where an interval of eighteen months or more has occurred between the date of the reception of the wound and the time of the operation; the figures express this interval in months. In all the charts reference is made, unless otherwise stated, to the return of voluntary power, since in my experience this has been more frequently discovered at an earlier date than the recovery of faradic response. The muscles are recorded by means of the initial letters, viz. SL = supinator longus. As regards sensation information is conveyed by the following abbreviations and letters:-P = commencement of recovery of protopathic sensibility. P.rec. = complete recovery of protopathic sensibility. E. --commencement of recovery of epicritic sensibility. The interrupted lines in certain columns mark the date of the last examination, unless they occur in the last column, in which case several of the patients have been under observation for further periods, but the intervals between the later examinations have been longer than four to six weeks.
(III) CONCLUSIONS. (I) The following appear to be the most important factors which may influence the prognosis:
(1) Sepsis.
(2) Site of the suture, the prognosis being more favourable the nearer the suture is to the spinal cord.
(3) A delay of more than eighteen months before the suture is performed in the distal part of a limb prejudices the chances of recovery, but is not of so much consequence in the proximal part.
(4) " Bad-shunting" is probably a common cause of imperfect recovery in such nerves as the ulnar.
(5) Destruction of branches of the nerve, in addition to injury to the trunk, may be a cause of incomplete recovery. 4 (6) Ununited fractures, especially of the humerus in injuries to the musculo-spiral, are a serious complication. Evidence appears to be in favour of primary fixation of the bone.
(7) Ligature of the main artery in the proximal part of a limb may delay and limit recovery.
(8) Imperfect recovery of afferent fibres from such structures as joints, muscles and tendons, is probably an important cause of limited functional recovery of the hand for the performance of purposive actions, although the voluntary power of individual muscles is good.
(II) The intrinsic muscles of the hand and the muscles in the distal part of a limb recover less frequently than the larger muscles in the proximal part of a limb. Probably several factors contribute to the cause of this (1) Distance which the young nerve fibrils have to travel away from their trophic centre in the spinal cord to reach the muscle.
(2) The size of the nerve of supply. The larger the nerve the greater the chance the young fibrils must have of reaching the muscle.
(3) Possibly the phylogenetic history of the muscles, since there does seem to be some support of the hypothesis that more recent acquisitions are the more vulnerable.
(III) Tho following points bearing on the surgical technique can be deduced:-
(1) It is advisable to avoid the through-and-through suture, whenever practicable, as proved also by the experimental work of Sargent and Greenfield.'
(2) The construction of a new bed for the nerve, after suture, is preferable to any autogenous or heterogeneous protective material. The unsatisfactory bed after suture of the external popliteal nerve, in the vicinity of the head of the fibula, is probably a cause of many failures.
(3) Displacement of the ulnar nerve in front of the internal condyle of the humerus or widespread freeing to procure apposition of the ends do not appear to retard the recovery.
(4) Liberal resection of the injured ends is essential and particularly necessary if sepsis is prominent.
(IV) No recovery after the performance of secondary suture could be regarded as perfect. The chief causes of the imperfect result after secondary suture appear to be:-(1) The fact that an appreciable portion of the nerve trunk has to be resected causes inevitably a disturbance of the intraneural anatomy, however carefully the surgical procedure is carried out.
(2) After secondary suture the nerve is making a second effort to regenerate, the first attempt being represented by a neuroma or outgrowths along fascial planes.
(3) The almost constant occurrence of one or more of the foregoing factors which have been found to influence the prognosis. Mr. HARRY PLATT, M.S.: Professor Stopford's careful investigations show that on the whole, the changes in the clinical syndrome indicating regeneration after end to end suture, are comparatively slight even after considerable periods of time. It is therefore easily understood that mistakes can be made by superficial observers; further, true motor signs of recovery have to be distinguished from the so-called trick movements with which we are now all familiar. The reported successful nerve-graft operations and other forms of nerve bridging, in most, cases can be explained by the deceptive effect on the observer of such trick movements. Final end results after nerve-suture operations are not yet available. Therefore we are immediately concerned with a tangible problemthe complete failures. In these we have to decide whether re-exploration is worth while. In my own work I am acting on the principle that it is always well worth while. The second operation is often of great diagnostic value, as it has been my experience on several occasions to re-explore a nerve which after suture has remained " dead " for over a year, and to find that excellent conduction was present as tested by direct faradic stimulation. Such findings emphasize the great value of the routine use of the electrodes during all nerve operations. One has been interested in a few cases to find somewhat paradoxical electrical phenomena-viz., in complete anatomical lesions of long standing the retention of faradic response in muscle bellies supplied by the distal part of the nerve trunk. Perthes of Tiibingen has recently reported a series of similar observations. The constant use of faradic excitation at operations has made one sceptical of the correctness of the classical laws of muscle response as laid down from tests carried out through the skin.
Mr. JOCELYN SWAN: The results I have obtained from end-to-end suture of peripheral nerves are mainly in accord with those detailed by Professor Stopford. There is no doubt that the best functional result is obtained with injuries of the musculo-spiral nerve or of the posterior cord of the brachial plexus, whilst those obtained in lesions of the external division of the sciatic are never very favourable. In cases of the median or of the ulnar nerve, suture does not hold out such good prospects, as voluntary movement of the intrinsic muscles of the hand is seldom complete. I am sure that end-to-end suture is the operation to be aimed at in all complete nerve divisions, or in those cases in which such a fibrous block results from the injury that no evidence of recovery is present after prolonged and efficient treatment, and in those cases in which, when the proximal part of the nerve is exposed at the operation, no reaction is obtained on direct stimulation of the nerve by faradic current. I have obtained approximation of the nerve where the gap is considerable by transplanting the nerve to a new position, as by bringing the ulna in front of the humeral condyle or by transposing the musculo-spiral to to the front of the humerus, and in some cases I have brought the ends together by considerable flexion of the limb, correcting the position subse-quently. There remain cases, however, in which end-to-end suture is impossible; in the musculo-spiral or posterior interosseous nerve it is far better to abandon the operation on the nerve and to perform tendon transplantation. from which I have obtained excellent functional results. In the case of the median in the arm, I should not hesitate to resect a portion of the humerus, subsequently placing the latter to obtain end-to-end apposition, hut I would not shorten any other bone for this purpose, especially in the lower limb-in fact, I have seen no necessity to do so. As to the technical details of the operation performed on the nerve, wherever possible I advocate the complete removal of fibrous tissue, so that the newly-joined nerve may lie in -a bed of comparatively healthy tissue, even to the extent of removal of muscular planes so that freshly cut muscle surfaces are obtained. I have used very fine Cargile membrane very extensively and see no reason againstit. In a large series of cases I have only seen it extruded twice, and for this I am inclined to blame myself rather than the membrane. In cases in which secondary operations are performed upon nerves previously exposed, I have noticed less infiltration and scar tissue where membrane has been used than in those in which no separate covering had been employed. In cases in which the nerve function is subcutaneous, as over the head of the fibula, and again in cases in which operation is necessary for causalgia, I substitute a fat graft for the membrane, and in cases in which the fornia nerve is in close proximity to a bone, as frequent in the musculo-spiral nerve in the middle of the arm, I have made use of a flap of muscle tissue, placed between the bone and the nerve. For the suture of the ends of the nerve very fine linen thread is used; one or two sutures are used directly through the nerve where any tension exists, supplemented by careful approximation of the nerve-sheath around the junction. In many cases the tension suture is removed when the suture of the sheath is completed. I prefer fine thread to catgut, which has been so freely advocated, and am glad to see that the experimental work done by Colonel Sargent at Tooting supports my contention. I desire to emphasize the necessity for free removal of the fibrous tissue at the proximal end of the nerve until healthy nerve bundles are exposed. I have seen no good result from the lateral anastomosis of the ends of a divided nerve into a neighbouring nerve, but I -have seen improvement follow the direct transplantation of a nerve into the interval between the ends of a divided nerve, and do not look upon this operation as one to be entirely condemned. I regard the subsequent treatment after operation as of as much importance as the operation itself. The attention to the mobility of joints and tendons, the nutrition of the limb by massage and electrical stimulation, and above all the distraction of the mind of the patient from his injury and apparent slowness of his recovery by means of useful occupation, together with the encouragement of his attendant when recovering function becomes apparent. It is by no means uncommon to see functional paralysis associated with recovering organic disability.
